Introduction
Since Alloy 7 18 was developed by the International Nickel Company in the 1950's the problem of segregation has existed in the productions and applications of Alloy 7 18. The content of element Nb in Alloy 7 18 is over 5 wt. % , it will form a serious segregation during the solidification of the alloy ingots. Although the melting process is more and more advanced and the many methods have been used to alleviate the segregation, for example, Institute of Metal Research, ShenYang , China, adopts strickly controlling the contents of minor elements P , B , Zr and Si in superalloy, to alleviating the solidification segregation with great success, the segregation in Alloy 7 18 ingots is still serious. To eliminate the segregation, the homogenization practice must be used, and current applications for Alloy 718 are placing emphasis on improving the alloy' s properties and quality by thermomechanical processing (TMP) . The key to successful TMP is free of segregations in the alloy. Therefore it is necessary that the physical metallurgy, melting point temperature , solution of Laves phase, uniforming Nb segregation and relation of deformation with homogenization practice about the alloy ingots are studied here.
Materials and Experimental Procedure

Materials
The samples used in this study were cut from two Alloy 7 18 ingots of heat 9 4 3-3 I and heat 0 4 3-2 7 , produced by ShangHai Fifth Steel Plant, China, using VIM f VAR melting process. The size of samples is 12mmX 12mmX 12mm. The diameter of the ingots is 423mm. There were less contents of P , B l l l in heat 043-27 ingot. Their chemical compositions are seperately shown in Table 1 Procedure A metallography and TEM coupled with the microprobe method were used to study the phases and dendritic segregation of Alloy 7 18 ingots. The initial melting point temperature was measured by Differential Thermal Analysis(DTA) and metallography methods. After heating the samples cut from the ingots at different temperatures the amount and morphology of Laves phase were examined by optical microscope, by which the curves of time of solutioning Laves phases with heating temperature can be obtained. After eliminating Laves phases "TAG" and microprobe methods were used to study the further decreasing of Nb segregation when the samples were continuously heated. A "TAG" method demands that samples are treated one hour at 870°C after solutioning &NiaNb phase. The large amount of y" precipitates in Nb rich regions and small amount of y" precipitates in Nb poor regions can be easily detected by optical metallography. The Nb rich regions appear dark (colour ) , the Nb poor regions appear white (colour ) under optical microscope. The "'TAG" treatment is very successful in delineating the Nb segregation.
Results and Discussion
The Physical Metallurgy of Alloy 718 Ingots Figure 1 shows the optical metallographs of the edge and centre in heat 9 4 3-3 1 ingot. Except white MC precipitates with straight side , the other white islands are Nb rich Laves. (TCP) phase. The Laves phase contains about 30 wt. % Nb and appears in the interdendritic areas. There are also a large amount of the long plate shape orthorhombic &-NisNb phases around the I-aves phases ( Figure 2 ). This is confirmed by diffraction pattern (Figure 2d ). The heat 0 4 3-2 7 ingot metallograph is similar to that of the heat 9 4 3-3 1 ingot. Figure 1 indicates that the edge of the ingot has much fewer Laves phases -than the centre of it. This is because of the solidification of the Alloy 7 18 VAR melting, the edge of the ingot had much faster cooling speed than the centre. The faster cooling rate, the less segregation, the fewer l&es phas es.
The Initial Melting Point Temperature of Alloy 718 Ingots
The DTA curve of heat 94% 31 is shown in Figure 3 . The DTA samples were cut from the. centre of the ingots. It can be seen that the first intercept temperature on the DTA curve in Figure 3 is about 116 7 "C which is considered to be the initial melting point temperature of the ingot. That is y/Laves eutectic isotherm temperature. Figure 4 shows the microstructures of the samples kept at different temperatures for twenty minutes. The samples were cut from the centre of the ingot. In the heating samples of 117 5 'C and 12 00 'C! finer y/Laves eutectic microstructure appear (Figure 4c ,d ) , which demonstrates that the ingot is melting. However , the samples heated at 114 5 'C and 116 3 "C don' t have this morphology. It suggests that the initial melting point temperature of the ingot is between 116 3 'C -117 5 'C . This result is consistent with that of the DTA method. Hence the initial melting point temperature of Alloy 7 18 ingots is about 1167 'C . When the samples were first heated at 1160 "C for 13hrs , the Laves phases were eliminated, the melting point of the ingots rised to the temperature range of 1205'C-1215'C( Figure  5 ). As the samples were heated at 1215 'C! and 1230'C( Figure  5 (c) , (d) )porosities and finer y/Laves eutectic microstructure were observed, which indicates the melting of the ingots. However when the samples heated at 1190 "C and 1205 'C ( Figure 5 (a) , (b) ) no porosities and y/Laves eutectic microstructure have been found.
The Pattern Laves Solution Table 3 and Figure 6 show the elements distribution of Alloy 7 18 ingots from dendrite to interdendritic regions. The Nb contents change from 2. 22wt. % to 32. 12wt. % in heat 943-31, from 3. 23wt. % to 31. 80. wt% in heat 043-27. It is noticeable that Nb segregation degree in the heat 9 4 3-3 1 ingot is different with that in the heat 04 3-27. Besides the Nb content difference in the dendritic centre, for example at the point of 3Opm from the interdendritic regions the Nb content is 3. 58wt. % in heat 943-31 but 5. 98 wt. % in heat 043-27. The segregation degree in heat 043-27 is lighter than that in heat 943-3 1, the reason of which is that the impurity contents, such as P , Si l l l in heat 043-27, are smaller than that in heat 943-3 1, which will decrease the melting temperature range between liquidus phase boundary and solidus boundary [ 2] [ 61 , and hence the segregation during solidification in heat 04 3-27 is lighter than that in heat 943-3 1. Figure 7 shows the Laves solutioning of the alloy ingots hold in different times at different temperatures. There remain a few of white Laves phase islands in Figure 7 (a) , (c) , (e) , (g) , and there is no Laves phase in Figure 7 (b) , (d) , (f) , (h). According to results of Figure 7 , the pattern of Laves phases solutioning of the alloy ingots was obtained, as shown in Figure 8 , i. e. ,
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Therefore Nb element diffusion in heat 943-31 ingot is faster than that in heat 043-27, elimination of Laves in the heat 943-31 is easier than that in the heat 043-27.
Further Homogenization of Nb of the Alloy Ingots after Elimination of Laves Phase
After the Laves was completely solutioned, the elements distribution in Alloy 718 ingots is shown in Figure 9 . After heat treatment of 116O"C/12hrs for both heat 943-31 and 043-27 the Laves phases vanished, but Nb element segregation is still serious. It has been found that the segregation coefficient &(943-31)=6.7/2.6=2.58, L(O43 -27)=6.18/3.23=1. 91 by assuming that K= (&te*nbihc ) / (C!+driec). Therefore the homogenization of Nb in the alloy ingots is necessary after Laves phase solutioning. Figure 10 and 11 show the "TAG" exarnnating results of heat 943-31 and 043-27 ingots respectively after furtherly homogenizing. The white regions have low Nb content, the dark regions high Nb content. The Nb content in white regions can be as high as about 4. 9 wt. %. When the white regions of the ingots are eliminated , the Nb segregation is obviously decreased. From the micrographs in Figure 10 Laves phases through 1180 'C -1190 'C X ( 7 0 -1 OOhr > . The optimum homogenization treatment of Ahoy 718 ingots is suggested to be 115O"C-1160°C X20hrs+1180"C--1190"C(70 -1OOhrs). The accurate time (of 70-100hrs) should be chosen depending on the segregation degree of the ingots.
The Effect of Drawing Deformation On Ahoy 718 Ingots Homogenization Practice
The "TAG" examination results of homogenized heat 043-27 ingot with drawn about 70% is shown in Figure 15 . After heating 116O"C/8Ohrs, white regions can still be found out in the ingot by "TAG" method, up to 1160 C/l OOhrs the white regions completely vanish. But without the deformation, the homogenization treatment of 1160"C/57hrs can eliminate white regions for same heat of 043-27 (Figure 11 ). So the drawing deformation before the homogenization greatly increase the time of the uniforming ingots. The reason is that the drawing de-954 Conclusions
